This paper studies the exposure of the stock prices of Australian gold-mining 
Introduction
ir in poin F ms routinely analyse investment opportunities, which include opportunities to vest in real assets under potentially favourable conditions at some future t in time. These investment opportunities are called real options. For example, the initial investment in research and development, exploration and access to new markets. Equally true, analysts are required to value firms that can be characterised as a portfolio of such projects. These projects share three important characteristics: they are discretionary and whether or not they are undertaken depends upon uncertain future conditions, the firm learns more about the value of the project over time as uncertainties are resolved, and the firm has a great deal of flexibility to adapt to this new information. For example, the mining firm can choose to suspend exploration when the gold price falls below the level necessary to make the lease economically viable. The same firm may choose to defer exploration or the development of the lease. These options are referred to as investment flexibility.
This concept of the flexibility with which management adapts to this new information can be generalised to most projects and firms, if we recognise that management can revise operating decisions in response to market conditions. For example, the manager of a gold mine has the ability to expand in good times or to contract, 'mothball' or abandon when times are bad. The implication is that management use flexibility through decisions, which limit the firm's exposure to losses while retaining profit potential-an asymmetric payoff. These options are referred to as operating flexibility.
Empirical evidence suggests that valuations of firms or projects incorporate managerial flexibility, with the asset price exceeding the discounted cash flow valuation and the difference being consistent with option pricing.
1 Davis (1996) summarises the empirical research on the size of the real option premiums in the mining industry, documenting that the discounted cash flow valuation of the 10 major US and Canadian gold-mining firms is on average 30% below their market capitalisation.
-124 -In adopting a discounted cash flow model to value gold-mining firms, we assume that the firm is characterised by a production profile that it cannot alter. That is, the company owns a fixed quantity of gold reserves that it expects to mine at a production rate, which is specified at time zero and remains unaltered over the life of the mine.
In valuing gold mines, this fixed-production model is poorly specified in that gold mines offer classic examples of firms with managerial flexibility and/or real options. At one extreme, when the gold price falls below the firm's marginal production costs, the firm can choose to temporarily or permanently suspend production. In general terms, gold companies hold a portfolio of option on gold, with the exercise price being their marginal production costs. As well as the choices presented by investment flexibility, gold-mining firms can exploit operating flexibility as well. For example, the firm can mine higher or lower grade ore, stockpile ore or processed gold, or change the rate of production.
It follows from identifying gold companies as represented by a portfolio of gold assets and embedded real options, that the sensitivity between the changes in company value and changes in the gold price will vary systematically with the level of the gold price. This paper studies Australian gold-mining firms and their exposures to fluctuations in gold prices. This paper measures the size of these exposures, establishing the relationship between US-dollar-denominated (USDD) gold prices and the Australian dollar/US dollar exchange rate. The results indicate that on average a 1.00% change in Australian-dollar-denominated (AUDD) gold prices will induce a 0.76% change in the price of listed gold-mining stocks.
Accepting that these real options have positive value, then ignoring the options embedded in mine operating decisions will tend to understate the value of the gold-mining firm. This underestimation of the gold-mining firm's value is termed the gold premium. This paper examines the determinants of the gold premium. Formally, the gold premium is defined to be the difference between the gold firm's stock prices and its value determined using a discounted cash flow valuation model, discounting expected cash flows using a constant risk-adjusted discount rate. The estimated gold premium is large and positive, with the average premium for the sample of gold-mining firms being 51.9%. The results suggest that the principal determinants of the gold premium are market capitalisation and the volatility of the gold price.
However, the paper also evidences that the premium is in part explained by the misuse of the discounted cash flow techniques.
The remainder of this paper is divided into four sections. Section 2 describes the sample. Section 3 provides descriptive statistics. Section 4 estimates the gold price exposure of the gold industry index and a sample of firms using gold return betas. In the context of the determinants of real option values, section 5 examines the sensitivity of gold stocks to gold price variation. Section 6 considers the determinants of the gold premium using two models for valuing gold-mining firms, one based on a discounted cash flow model assuming a fixed-production schedule, and the second based on a flexible-production or real-option schedule. Finally, section 7 concludes the paper.
Sample
This paper initially studies the exposure of 12 gold-mining firms over the period January 1985 to December 1998, to changes in the gold price, denominated in both US dollars and Australian dollars. This sample includes gold firms listed on the Australian Stock Exchange that meet the following criteria:
1. The firm's only assets are their gold mines; 2. The firm's weekly stock return data is reported on Reuters 3000; and 3. The firm is included in analysts' valuation reports of the selected broking firms.
This paper also examines the exposure of all gold firms listed on the Australian Stock Exchange (ASX), over the same sample period. The weekly rate of return on all listed gold firms is estimated using the ASX gold industry accumulation index. The weekly rate of return on the Australian domestic equity market is estimated using the ASX All Ordinaries accumulation index, while the weekly rate of return on the US domestic equity market is estimated using the S&P500 index.
Closing weekly values for the indices, USDD gold prices and the Australian dollar/US dollar exchange rates are obtained from LIM.
The same sample of gold-mining firms is used to estimate the gold premium over the period 1994 to 1997. Estimates of firm value using a discounted cash flow valuation model calculated using a constant risk-adjusted discount rate, are taken from the analyst's reports on the gold sector for 8 broking firms.
Descriptive Statistics
Prior to examining the exposure of gold firms to changes in the gold price, evidence is presented on the properties of the distribution of the levels and rates of return for the closing weekly values of the USDD gold prices, AUDD gold prices and the Australian dollar/US dollar exchange rate. Table 1 provides descriptive statistics for the USDD gold prices, AUDD gold prices and the Australian dollar/US dollar exchange rate over the sample period. Estimates of the first four moments, the minimum value and the maximum value are reported for the weekly levels and rates of return for the USDD gold prices, AUDD gold prices and the Australian dollar/US dollar exchange rate.
The results presented in table 1 suggest that the mean rates of return and volatility for the USDD and AUDD gold prices are approximately equal.
An examination of the skewness and kurtosis suggest that the generating distributions for the weekly levels and rates of return for the USDD gold prices, AUDD gold prices and the Australian dollar/US dollar exchange rate are not normal. Normality is rejected at the 1% level for all three generating distributions. Table 2 presents the autocorrelation functions for the weekly rates of return on the USDD gold prices, AUDD gold prices and the Australian dollar/US dollar exchange rate.
The results presented in table 2 suggest that the weekly rates of return for the USDD gold prices, AUDD gold prices and the Australian dollar/US dollar exchange rate exhibit statistically insignificant first order autocorrelation. Table 3 presents the correlation between the weekly rates of return for the USDD gold prices and the Australian dollar/US dollar exchange rate.
Not surprisingly, the weekly rates of return for USDD gold prices, AUDD gold prices and the Australian dollar/US dollar exchange rate are statistically significantly correlated. However, table 4 suggests that this relationship has varied considerably over time. Note: * significant at the 1% level.
Table 2 Autocorrelation Functions for Gold Prices and Exchange Rates
This table presents the autocorrelation functions for the weekly rates of return on the USDD gold prices, AUDD gold prices and the Australian dollar/US dollar exchange rate. 
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Table 4 Gold Prices and Exchange Rates Correlation Structures
This table presents the correlation between the weekly rates of return for the USDD gold prices and the Australian dollar/US dollar exchange rate over the full sample period and selected sub periods.
Sample Period Correlation
January 1985 
Stock Price Exposure to Gold Prices
Stock price exposure to gold prices is determined by calculating a gold beta for:
• a gold industry portfolio estimated using the ASX gold industry index;
• each gold-mining firm in the sample; and • estimated against both the US and Australian equity market returns with the return on gold denominated in both US and Australian dollars.
A gold beta (β ig ) for each firm calculated by estimating of the following single and multi-factor market models:
where: R it = the weekly rate of return on either stock i or the ASX gold industry accumulation index from t-1 to t including dividends: R gt = the weekly rate of return on gold; and R mt = the weekly rate of return on either the ASX All Ordinaries accumulation index or the S&P500 index, denominated in Australian dollars or US dollars, respectively.
The coefficient, β ig , or the gold beta, represents the sensitivity of stock i's rate of return for a 1% return to holding gold, after controlling for movements in broad equity indices that affect the return on these stocks independent of gold price movements. Consistent with the denomination of gold prices in Australian or US dollars, the broad equity index is measured with reference to both the Australian and US domestic equity markets. Table 5 presents estimated gold betas for the gold index portfolio and the sample firms, using both US dollar and AUDD gold prices. Table 5 reveals that gold-mining firms have substantial gold price exposure. After controlling for general market movements, at the level of the gold industry portfolio a 1% return on gold, implies that the gold-mining firm's stock price moves between 1.08 and 0.76%, depending upon the currency in which the gold price is denominated, US dollar and Australian dollar, respectively. At the individual firm level the results reveal variation in gold betas. In general, the rate of return on gold stocks is more sensitive to USDD gold prices than AUDD gold prices.
Consistent with existing empirical evidence, the exposure to the equity market is stronger for the Australian than the US equity index for both the gold industry portfolio and the sample firms. Brennan and Schwartz (1985) , in their seminal paper on real options, use mining as an example of real options. For example, when the gold price falls below the firm's marginal production costs, the firm can choose to temporarily or permanently suspend production. In general terms, gold companies hold a call option on gold, with the exercise price being their marginal production costs. We recognise that gold-mining firms can exploit two types of managerial flexibility.
Gold Stocks and Real Options
The first source of managerial flexibility is investment flexibility, which includes the ability to delay the start of exploration and/or development should prices be low, optimally timing the development of new leases.
The second source of managerial flexibility is operating flexibility, which includes any option to vary operating parameters, including shutting down, reopening, expansion, contraction, mine higher or lower grade ores, stockpile ore or bullion, abandonment, reoptimizing cut-off grade and varying production rates as a consequence of price changes. Operating flexibility can be modelled as a portfolio of call and put options on the fixed production schedule of the firm. Varying production 'above' the fixed production schedule of the firm is equivalent to exercising a call option acquiring the 'additional' production from the mine. While, varying production 'below' the fixed production schedule of the firm is equivalent to exercising a put option selling the 'surplus' production to the mine.
Identifying gold mines as represented by a portfolio of gold assets and embedded real options enables the examination of the relationship between the gold price levels and both:
• the sensitivity of the rate of return on gold stocks to changes in the return on USDD gold prices-'gold delta', and • the sensitivity of the rate of return on gold stocks to changes in the volatility of returns on USDD gold prices-'gold vega'.
Table 5 Gold Price Exposure for Gold-mining Companies
This table presents estimated gold betas for the sample firms and the gold index portfolio, using both US dollar and AUDD gold prices. A gold beta (β ig ) for each firm calculated by estimating the following single and multi-factor market models:
where:
R it = the weekly rate of return on either stock i or the ASX gold industry accumulation index from t-1 to t including dividends; R gt = the weekly rate of return on gold; and R mt = the weekly rate of return on either the ASX All Ordinaries accumulation index or the S&P500 index, denominated in either US dollars or Australian dollars. T-statistics are given in parentheses. Adopting a Black-Scholes option pricing approach we hypothesize that:
• the delta of the portfolio of gold assets and embedded real options will rise as the gold price rises, and • the vega of the portfolio of gold assets and embedded real options will rise as the options become at-the-money.
Both the gold delta and vega are determined for a gold industry portfolio estimated using the ASX gold industry index estimated against the return on AUDD gold. The gold delta (β δ ) is estimated as follows:
where: R it = the weekly rate of return on the ASX gold industry index from t-1 to t including dividends; and R gt = the weekly rate of return on gold, denominated in Australian dollars.
The gold vega (β v ) is estimated as follows:
where: ∆σ gt = the change in the volatility of the weekly rate of return on gold, denominated in Australian dollars. The volatility of the weekly rate of return on gold is proxied by the absolute value of the weekly rates of return.
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The hypothesized relationship between gold price levels and both stock price sensitivity and volatility sensitivity is non-linear over the gold price changes. Hence, the relationship is piecewise estimated by partitioning the sample by the level of the Australian dollar gold price.
The sensitivity of the rate of return on gold stocks to changes in both the rate of return and volatility of returns on AUDD gold prices as a function of the level of the gold price is shown in table 6. The table presents estimated option sensitivities-deltas and vegas for the gold index portfolio, using AUDD gold prices, where the level of the gold price partitions the sample. Table 6 reveals that the estimated option sensitivities behave as predicted by Black-Scholes. Consistent with Black-Scholes predictions:
• the estimates of delta-the sensitivity of the gold index's rate of return to changes in the gold prices increases, approaching one, as the gold price increases (return sensitivity is statistically significantly less than one for gold prices less than A$490), and • the estimates of vega-the sensitivity of the gold index's rate of return to changes in the volatility of gold prices is insignificantly different from zero except over the range A$480 to A$520, where it is positive and statistically significantly different from zero.
Table 6 Price Sensitivities and the Level of Gold Prices
This table presents estimated option sensitivities-deltas and vegas for the gold index portfolio, using AUDD gold prices, where the level of the gold price partitions the sample. The gold delta (β δ ) is estimated as follows:
R it = the weekly rate of return on the ASX gold industry index from t-1 to t including dividends; and R gt = the weekly rate of return on gold, denominated in Australian dollars.
∆σ gt = the change in the volatility of the weekly rate of return on gold, denominated in Australian dollars. The volatility of the weekly rate of return on gold is proxied by the absolute value of the weekly rates of return. T-statistics are given in parentheses. The reported t-statistics are for the hypothesis that return sensitivity (β δ ) is equal to one and volatility sensitivity (β v ) is equal to zero.
Gold Price
Return Sensitivity Gold Delta (β δ ) (-0.170) Note: *, ** and ***, significant at the 10, 5, 1, percent level, respectively.
These results are consistent with gold-mining companies being represented as a portfolio of gold assets and embedded real options, which arise through the existence of managerial flexibility in gold mines. The remainder of the paper seeks to use this gold price exposure to explain the existence and valuation of managerial flexibility in gold-mining firms, focusing on USDD gold prices.
Gold Premium
It is widely accepted that gold-mining firms trade at a market capitalisation that is, on average, greater than their value determined using a discounted cash flow valuation model. Table 7 presents summary statistics for the percentage differences between the market capitalisation of a sample of Australian gold-mining firms and their discounted cash flow value obtained from the sample of analysts' reports. The results in table 7 indicate that the market, on average, values a premium into the stock price of the gold-mining firms. While the average premium for the sample of gold-mining firms is 51.9%, the premium varies considerably over time and across firms. In adopting a discounted cash flow model to value gold-mining firms, the firm is assumed to utilise a production profile that it cannot alter. The company is characterised as owning a fixed quantity of gold reserves which it expects to mine at a production rate, which is specified at time zero and remains unaltered over the life of the mine.
The fixed-production model is poorly specified in that gold mines offer classic examples of firms with real options, arising from the existence of investment and operating flexibility.
If the market assumes that the firm optimal utilizes managerial flexibility but the fixed production profile discount cash flow valuation does not, then the discounted cash flow calculation will incorrectly value the firm.
Accepting that these real options have positive value, then ignoring the options embedded in mine operating decisions will tend to understate the value of the gold-mining firm. Formally, the gold premium is defined to be the difference between the firm's stock prices and its value determined using a discounted cash flow valuation model, discounting expected cash flows using a constant riskadjusted discount rate.
Adoption of the real option valuation approach suggests that the observed gold premium is attributable to the existence of managerial flexibility or real options.
Using a real option valuation model, we can identify factors that determine the premium over their discounted cash flow value for the sample of gold-mining firms. These factors consist of:
• Resource/reserve ratio • Operational flexibility • Gold price volatility • Company size
The sensitivity of the gold premium to these suggested determinants is estimated by the following regression model equation:
where: P it = the gold premium on stock i for period t; and D it = the identified determinant j on stock i for period t. The regression equation is estimated in both a univariate and multivariate specification.
Resource/Reserve ratio
Gold companies have a wide variety of resource to reserve levels. Resources are estimates of gold deposits based on data that provides a low level of confidence. Much more work is needed to convert these resources in to reserves. This work usually involves further drilling and appraisal activities. It is reasonable to expect that the market would take a view on how successful a company would be in converting resources to reserves. The gold premium is attributed to both the potential for resources to be upgraded to reserves and then mined and the potential for the firm to discover an economically viable reserve from within the existing and potential exploration assets. It is reasonable to expect that the more resources a firm have, the higher the premium.
Estimates of resources and reserves where obtained from company annual reports and analyst reports. Table 8 presents the relationship between the gold premium and the resource/reserve ratio for the sample of companies. This demonstrates that there is no statistically significant relationship between the amount of resources a company possesses and its premium.
This suggests that for the sample of firms examined, over the sample period the gold premium is not linked to any development upside that a company may possess. A potential explanation lies in the difference between the costs of conversion and exploration and the gold price, where the difference suggests that during the sample period these real options were deep in-the-money options.
Table 8 Determinants of the Gold Premium
This table presents the estimated coefficients from the regression model in equation (6) 
P i = the gold premium on stock i for period t; and D it = the identified determinant j on stock i for period t. The determinants consist of the resource/reserve ratio, operational flexibility-proxied by the number of operational mines, and the amount of hedged production, gold price volatility and company size.
Estimates of the risk-adjusted discount rate obtained from analyst reports were included to examine the explanation that discounted cash flow techniques are downward bias due an overstating of firm's beta. The regression equation is estimated in both a univariate and multivariate specification. T-statistic are given in parentheses. 
Operational Flexibility
The operational flexibility covers all the options that a gold producer has with regards to varying their production levels. These options should add value to the company. An analysis of the options available to a company includes the number of operational mines and the amount of forward sold (or hedged) production that a company has.
Number of Operational Mines
With the variation in gold prices, the more flexibility that a company has in its operations, the better able it will be to manage its assets. One suggestion of a measure of flexibility is the number of operational mines that a given company has. With more operations comes a supposed increased ability to shut-in production at one mine, especially if it high cost. Estimates of the number of operational mines where obtained from company annual reports and analyst reports. Table 8 reveals that there is no statistically significant relationship between the number of operating mines and the gold premium. This is to be expected, as mining operations are not necessarily very flexible. The actual process of shutting in production is capital and time intensive. The same conditions apply to a re-start of the mine. The benefits of a shutdown would therefore have to be large to justify this action. The premium is therefore unlikely to be linked to the number of mining operations that a company has, but it is possible that the cross-sectional variation between the mines in terms of operation levels, extraction method and ore grade may better explain gold premiums.
Amount of Hedged Production
Gold companies usually follow a policy of hedging a certain amount of their production over the short term (often three years). This provides income stream stability and allows them minimum debt coverage.
The unhedged production should provide a premium to the discounted cash flow value of the firm. This is due to the volatile nature of gold prices; the unhedged production is the component that provides operating flexibility to the firm.
The unhedged production must be adjusted for the debt of the company. This is because the gold premium is applied to the equity in the company and hedging levels may be designed to match the debt requirements. It is the hedged production over the debt that will reduce the premium applied to the company's equity.
Estimates of the level of hedging and capital structure where obtained from company annual reports and analyst reports.
By ranking the various companies by their debt equity ratios and hedging levels at the time of the given valuation and then multiplying the debt equity and hedging rankings together, a score is created for the company at that time relative to other companies. Table 8 reveals the relationship between the gold premium and this score.
Using a univariate test the hedging score is statistically significant related to the gold premium. However, the multivariate regression shows that there is no statistically significant relationship between the amount of unhedged production that a company has and the gold premium.
It is possible that anticipated production and reserve levels also impact the hedge ratio.
Gold Price Volatility
In the context of a real option model, the volatility of the gold price will influence the gold premium.
Twelve Month Volatility
The more variance in a given commodity, the higher the value of an option on that commodity. This suggests that the volatility in gold prices should be related to the gold premium. Assuming that the movements in the gold price are random, then the best predictor of the future is the present. This implies that the best estimate of the volatility over the next year is the past year's volatility.
Volatility is estimated using the prior 12 monthly returns on gold, calculated using AUDD gold prices. The result is unaffected by the use of AUDD or USDD gold prices. Table 8 presents the relationship between the firm's gold premium and the twelve-month gold price volatility, evidencing a statistically significant relationship between the gold price volatility and the gold premium.
Gold Price
Another component of the 'option element' of gold is the actual price itself. Tables 5 and 6 reveal that gold-mining firms have substantial gold price exposure. It follows that changing gold prices will influence both the discounted cash flow value and the option value of the gold-mining firm. However, within the context of viewing the gold premium as a real option, the issue remains as to whether the gold premium itself is influenced by the gold price as predicted by the option model.
The relevant gold price is the log of the closing AUDD gold price at the date the analysts' report was prepared. The result is unaffected by the use of AUDD or USDD gold prices. Table 8 presents the relationship between the firm's gold premium and the log of gold prices, evidencing a significant relationship between the gold price and the gold premium.
Company Size
It is possible that the premium is related to the size of the firm. The larger the company, the greater the likelihood that it has more flexibility in its operationsmore options available. These options should increase with the size of the firm. Accepting that a portfolio of options (the large-multiple mine-firm) is more valuable than an option on a portfolio of assets (the small-single mine-firm) we would expect the gold premium to increase with the size of the firm.
Firm size is estimated using the log of total assets in the financial year that the analysts' report was prepared. Estimates of total assets where obtained from company annual reports. Table 8 presents the relationship between the firm's gold premium and the log of its total assets. There is a statistically significant relationship between firm size and the gold premium.
Discount Rate
A counter proposal is that discounted cash flow techniques are potentially accurate when applied to gold-mining firms, but misused. Here the downward bias in discounted cash flow analysis is due to underestimation of cash flows or too high a discount rate compared to the values used in the market place. The negative gold premiums evidenced in table 7 are consistent with this explanation. An expression of this view is the suggestion that the firm's beta should be below its estimate using a domestic index so as to reflect the international character of the gold-mining industry.
Estimates of the risk-adjusted discount rate where obtained from the analyst reports. Table 8 presents the relationship between the risk-adjusted discount rate used by the analyst and the firm's gold premium. There is a statistically significant relationship between the discount rate and the gold premium.
